Abstract. β Pictoris (HR 2020) is the most prominent prototype of stars with circumstellar disks and has generated particular interest in the framework of young planetary systems. Given its spectral type A5, stellar activity is not expected. Nevertheless, resonance lines of C  and O  typical for a chromosphere and transition region have been unambiguously detected with FUSE. We present results from an XMM-Newton observation of β Pic and find evidence for X-ray emission. In particular, we detected an emission of O  at 21.6 Å with the MOS detectors. These findings present a challenge for the development of both stellar activity and disk models. We discuss and investigate various models to explain the observed emission including the presence of a cool corona and a boundary layer.
Introduction
The A5 star β Pictoris (HR 2020) is well-known for its circumstellar (CS) debris disk (Smith & Terrile 1984) seen nearly edge-on. Spectroscopic observations exhibit conspicuous and highly variable narrow absorption lines interpreted as falling evaporating bodies (FEB, Ferlet et al. 1987) : kilometre-sized cometary-like objects on star-grazing orbits pass near β Pic and evaporate gas leading to imprints up to v K ≈ 400 km s −1 in the photospheric spectrum. Among other stars like Vega and α PsA, CS disks have generated particular interest in the framework of young planetary systems. Although numerous stars possessing CS material have been found so far, β Pic is the most prominent prototype of stars with a CS disk and thus β Pic presents a challenge for the development of theoretical disk models (see e.g. Kamp et al. 2003) . In this context it is necessary to determine the temperature structure of disks in order to obtain chemical compositions and disk masses. Since the chemistry in CS disks is driven by the stellar radiation field, such models require a realistic stellar flux as input. Upper atmospheric layers like chromospheres will have a pronounced effect on disks since the chromospheric UV photons lead to warmer disks due to an increase in the heating rate. The same applies to the presence of a X-ray radiation field from a possible stellar corona. Depending on the spectral type of the host star it is thus necessary to account for the chromospheric UV and coronal X-ray flux. For the case of HR 4796A/B, consisting of an A0V-type star and a M dwarf companion, this has been carried out by Chen & Kamp (2004) in their study of the CS environment of this source. Similar to β Pic, HR 4796A harbours CS material which has been successfully imaged (Schneider et al. 1999) . From the companion's ROSAT X-ray flux of F X < ∼ 2 × 10 −4 erg/cm 2 /s at the position of HR 4796, Chen & Kamp (2004) estimated that X-ray heating due to the M dwarf is insignificant for the case of HR 4796A/B.
In general, A-type stars are not considered to be chromospheric and coronal stars. Radiation hydrodynamic model calculations show that they do not possess significant outer convection zones (Freytag et al. 1996) and therefore one does not expect chromospheric and coronal X-ray emission from these stars. Yet, small turbulent velocities are present in A-type stars. Holweger et al. (1997) determined the microturbulence of β Pic to be ξ t = 4 ± 0.3 km s −1 , a value slightly higher than what is generally expected for A stars.
In order to study the possible occurrence of chromospheres and transition regions in A-type stars Simon et al. (2002) have carried out FUSE observations in the C  at 977/1175 Å and O  at 1032/1037 Å lines for a sample of seven stars in the temperature range between T eff ∼ 7800 K and 8600 K. They find an abrupt drop of the chromospheric emission in a very narrow temperature range of just ±50 K, centered around T eff ≈ 8250 K. In the sample of stars analyzed by Simon et al. (2002) the A4 V star τ 3 Eri is the hottest (T eff = 8210 K) main-sequence star known to date to show evidence of hot material in a chromosphere and transition region. However, X-ray emission from τ 3 Eri has so far not been detected; it shows up neither as a source in the ROSAT all-sky survey nor was it detected in Einstein Observatory pointed observations (cf., Schmitt et al. 1990 ). Interestingly, the effective temperature of τ 3 Eri is similar to that of β Pic (T eff = 8200 K, Holweger et al. 1997) . The steep decline of the boundary line for convection as found by Simon et al. (2002) is consistent with recent stellar structure models (Christensen-Dalsgaard 2000; Kupka & Montgomery 2002) .
The expected absence of X-ray emission from A-type stars is verified from ROSAT all-sky survey observations, which show a much lower detection rate for A-type stars as compared to F-or G-type stars (cf., Schmitt & Liefke 2004) . In the X-ray picture, the "earliest" late-type star showing magnetic activity as evidenced through X-ray emission is the nearby, single A7V star Altair with L X = 6.4 × 10 27 erg/s (Hünsch et al. 1998 ). Nevertheless some A-type stars do show significant X-ray emission . These X-ray detections are usually ascribed to unidentified late-type companions, although it is difficult to rule out an intrinsic X-ray flux of the A-type stars. Support for this scenario has been derived by Schmitt & Kürster (1993) , who observed the eclipsing binary system α CrB with ROSAT, an eclipsing binary system consisting of an A0 V and a G5 V star. The X-ray light curve of the system shows a total X-ray eclipse during secondary optical minimum, with the G star behind the A star. The totality of the eclipse demonstrates that -as "expected" -the A-type component in α CrB is X-ray dark and that the X-ray flux arises essentially exclusively from the late-type companion. Furthermore, Chung et al. (2004) detected Doppler shifts in the eclipsing binary Algol, consisting of a B8 V primary and a K2 IV secondary, ascribed to the orbital motion of the K2 star Algol B. Their Chandra HETGS observations thus demonstrate that the X-ray emission of Algol is dominated by the K2 secondary while the early-type primary component is X-ray faint and most likely X-ray dark.
In the case of β Pic no convincing evidence of X-ray emission or any other signature of magnetic activity from the star itself has been found so far. However, a study based on FUSE spectra by Deleuil et al. (2001) led to the surprising result that β Pic may actually show signatures of stellar activity. The FUSE observations obtained by Deleuil et al. (2001) show pronounced emission lines of C  at 977.020/1175.711 Å and of O  at 1031.926/1037.617 Å, respectively. Such highly ionized species are a typical signature of the presence of a chromosphere-transition region complex, which consequently led Bouret et al. (2002) to the development of a magnetic activity scenario for β Pic on the basis of their FUSE spectra.
Starting from the FUSE detection of O  emission lines from β Pic, it is natural to also expect emission lines from O , which can be conveniently diagnosed with XMM-Newton. We therefore carried out a deep X-ray observation with XMM-Newton in order to determine the X-ray emission level from β Pic especially in this line and the purpose of this paper is the presentation of this observation and a discussion of our results.
Observations, data analysis and results
On 2004 January 4 we observed β Pic for 73.6 ks with XMMNewton; details of the observation are given in Table 1 .
Data were collected with all X-ray detectors onboard XMM-Newton, the EPIC (European Photon Imaging Camera) and RGS (Reflection Grating Spectrometer) detectors. A detailed description of the XMM-Newton instruments can be found in Ehle et al. (2003) . The XMM-Newton data reduction was carried out using the standard XMM-Newton Science Analysis System (SAS) routines, version 5.4.1 and standard selection criteria were applied for filtering the data. The EPIC detectors were operated with two different filters, the PN camera with the medium filter, the two MOS cameras with the thick filter. The PN observation is more strongly affected by proton contamination, which results in a total good time of 55 ks for the PN camera while the MOS observations provide a good time of 72 ks each. Analysis of EPIC data was performed in the energy range 0.2-12.0 keV for the MOS and 0.2-15.0 keV for the PN detector. In the RGS no useful signal could be detected from β Pic, therefore we restricted our analysis to the EPIC data.
XMM-Newton EPIC PN results
In the EPIC PN image a source can be clearly identified at the precise position of β Pic; extracting the photons with their individually measured energies we constructed an X-ray spectrum as plotted in Fig. 1 . 216 source photons were extracted from a circular region with a 20 radius around the nominal position of β Pic. For the spectrum, 723 background photons were extracted from a four times larger background region on the same CCD. The EPIC PN spectrum clearly shows the typical spectral shape of optical contamination of the CCD chips (see, e.g., , and therefore no claim of a X-ray detection can be made on the basis of the EPIC PN observation alone. 
XMM-Newton EPIC MOS results
Due to the fact that, on the one hand, the FUV observations of β Pic with FUSE (Deleuil et al. 2001) clearly detected O emission, but on the other hand, the EPIC PN data show no clear X-ray signal, we specifically searched for emission from O in the EPIC MOS data. Hot plasma in the temperature range 5.6 < log T [K] < 6.1 produces strong O emission lines in the He-like triplet at wavelengths of 21.6 Å, 21.8 Å and 22.1 Å, respectively, corresponding to energies of 574 eV, 569 eV, and 561 eV with very little continuum emission. Since the individual triplet lines cannot be resolved in the EPIC MOS detectors with their medium spectral resolution, we searched for photons from this triplet in a narrow energy band centered around 565 eV ± 100 eV, selected a priori to contain basically all triplet photons. A circular source extraction region with a 20 radius around the nominal position of β Pic was chosen. In order to determine a reliable background value we extracted photons from various source free regions on the central CCD of the MOS detectors; the total area chosen for background determination is 111 times larger than the source region. The same exercise was also carried out for other energy bands below and above the energy interval centered on the O triplet energies in order to search for possible additional source signals and to check our background estimation procedures. The results of these extraction procedures are summarized in Table 2 , where we list for a total of 6 energy bands (the band 0.465-0.665 keV is centered on the O triplet) the extracted source cell counts for MOS1, MOS2 and their sum, the (scaled) extracted background values and their sum, the ratio between source cell and background counts, and the Poisson probabilities for obtaining the extracted source counts (or higher), assuming only a Poisson signal from the expected background, again for MOS1 and MOS2 separately and their combined probability.
Inspection of Table 2 shows that in five of the six considered energy bands the ratio between source and background counts is very close to unity and that the probabilities of obtaining the observed number of counts are always 0.1 or higher.
However, in the a priori chosen energy band 0.465-0.665 keV an excess is observed both for MOS1 (7 counts observed, 2.5 expected) and MOS2 (10 counts observed, 3.6 expected) and of course for both detectors combined (17 counts observed, 6.1 expected). While the probabilities for obtaining the individual MOS1 and MOS2 counts by chance are already low (0.014 and 0.004, respectively), the combined probability for the assumption of observing background fluctuations both in MOS1 and MOS2, is only 5.7 × 10 −5 . This small number combined with the fact that in the other energy bands no significant detections are obtained makes us confident that our background estimates are reliable and that the observed excess in the 0.465-0.665 keV band is real (with a formal statistical confidence of 0.999943) despite the low overall number of recorded counts.
Interpreting the observed 10.9 excess photons as a true source signal, we can convert this number into an energy flux. With an effective area in the considered energy band (465-665 eV) of 86 cm 2 for each of the two detectors, an encircled energy fraction of ∼75% for the used source cell regions and the CCD live time of 72 ks, we can calculate the recorded energy flux in the O-triplet. While other X-ray lines (e.g. Hlike N at 500 eV) and continuum emission may contribute to the observed flux, O is clearly the major contributor in this energy band, unless extremely unusual abundance patterns are assumed. In this fashion we arrive at an observed energy flux of 6.0 × 10 −16 erg/cm 2 /s in the O triplet; if one were to choose not to interpret these counts as a true source signal or to assume other relevant contributors in this energy band, this number would have to be treated as an upper limit.
ROSAT HRI results
After carrying out the XMM-Newton observation we analyzed an (apparently) unpublished ROSAT HRI observation of β Pic obtained in February 1996 (ROR number WG202151). Like the EPIC PN image, the ROSAT HRI image shows a clear source at the position of β Pic. Again the source is seen mainly in the lower pulse height channels suggesting a UV origin of the observed signal. Restricting the analysis to HRI pulse height channels 2-8, we find a count rate of 1.41 × 10 −3 cts/s. Using a U band magnitude of 4.13 and the ROSAT HRI UV contamination calibration curve derived by Berghöfer et al. (1999) we calculate an expected contaminating ROSAT HRI flux of 4.3 × 10 −4 cts/s, which lies considerably below the actually observed value. However, it is obviously quite courageous to interpret the formal excess as a true X-ray signal since the calibration curve by Berghöfer et al. (1999) has been derived from a rather small number of stars.
Discussion

Internal consistency of X-ray results
Accepting the MOS data as a X-ray detection, we derive an observed X-ray count rate of 1.5 × 10 −4 cts/s for β Pic. This is clearly inconsistent with the excess with respect to the expected flux from UV contamination as formally derived from the ROSAT HRI data; we therefore conclude that all of the Deleuil et al. (2001) , c combined flux of α Cen A and α Cen B, d derived using 7 cts/s (Kürster et al. 1997 ).
ROSAT HRI data are due to UV contamination from β Pic's photosphere. On the other hand, performing the same procedure for the EPIC PN camera as carried out and described in Sect. 2.2 for the MOS data, we find in the energy band 0.465-0.665 keV a total of 25 source counts where 12 background counts are expected. Considering the different characteristics of the instrument and shorter effective exposure time one expects approximately 16 source counts in the PN detector. The net number of 13 source counts is thus consistent with the total number of counts detected in the two MOS cameras. We note that optical/UV contamination dominates at low energies, and our measurements above 0.665 keV are fully compatible with being background. If one therefore attributes the detected EPIC PN counts below 0.465 keV to optical/UV contamination and the recorded ROSAT HRI counts to UV contamination, all the obtained X-ray measurements are internally consistent.
Comparison to other cool stars
It is instructive to compare the obtained FUV and X-ray data to those of other cool stars. In Table 3 , we list FUSE measurements of the O line at 1031.926 Å together with various measurements of the O triplet obtained with Chandra and XMM-Newton as well as broad band measurements obtained with the ROSAT PSPC. The O data are taken from Redfield et al. (2002) and Deleuil et al. (2001) . The O fluxes were measured by us using CORA (Ness & Wichmann 2002);  for details see . The RGS data are included for completeness only. Since we did not detect a useful RGS signal for β Pic due to the small number of photons, this value has to be considered as an upper limit. The ROSAT measurements are from the compilation by Hünsch et al. (1998) ; the AB Dor PSPC flux is based on 7 cts/s (Kürster et al. 1997 ), converted to fluxes using the HEASARC tool PIMMS (0.1-2 keV). We perform this comparison for the inactive stars Procyon, α Cen A and B and the "early" late-type star Altair, as well as the active stars Eri, AB Dor, and AU Mic. Note that for Altair no high resolution spectroscopic X-ray measurements are available. From Table 3 it is clear that for all stars (possibly except Altair) the O and O flux is of the same order of magnitude, in contrast to β Pic. This suggests a fundamental difference between the stars with outer convection zones and β Pic.
A cool corona?
If we attribute the O line detection obtained with FUSE and the O X-ray detection obtained with XMM-Newton to a stationary corona, we can obtain a temperature and emission measure estimate for such a structure. Using the CHIANTI code (Dere et al. 1997) to compute the flux ratios between the overall O triplet (i.e., the sum of resonance, intercombination and forbidden lines) and the O doublet (i.e., the sum of the 1032 Å and 1037 Å lines) as a function of temperature, we can compare the measurements for various stars (cf. theoretical expectations in Fig. 2 . As is obvious from Fig. 2 , the thus derived temperature of ≈600 000 K is far lower than that of any comparison star. Accepting for the moment this value, we require volume emission measures of ≈10 52 cm −3 to account for both the FUSE O and XMM-Newton O measurements. Naturally, these emission measure values depend very sensitively on the adopted temperatures, and choosing higher temperatures leads to significantly lower emission measures. Based on the X-ray detection of Altair (Golub et al. 1983; Schmitt et al. 1985; Freire Ferrero et al. 1995) , and regarding the similarity between β Pic and Altair, Bouret et al. (2002) suspected that a warm corona such as that of Altair (Freire Ferrero et al. 1995) can be expected for β Pic as well.
Comparison of FUSE line profiles
In order to address the issue of whether there is a connection between the FUV and X-ray emissions obtained for the A5V star β Pic and the A7 V star Altair (HR 7557), we retrieved the archival FUSE data analysed by Deleuil et al. (2001) and compared them with spectra of the same lines from Altair 1 . Figures 3 and 4 show the overlaid emission line profiles of C  at 977.020 Å and O  at 1031.926 Å for both β Pic and Altair, respectively. As can be seen from Figs. 3 and 4, the emission lines from β Pic are clearly broader than those of Altair. This is remarkable since the significantly different projected rotational velocities of both stars would suggest exactly the opposite: while β Pic rotates with v sin i β Pic = 132 km s −1 (Holweger et al. 1999) , Altair apparently rotates much faster with v sin i Altair = 208 km s −1 (Holweger et al. 1999) . Therefore one would expect the profiles of Altair to be far broader than those of β Pic. Figures 3 and 4 show the contrary. This strongly suggests that for β Pic an additional line broadening mechanism must exist which exceeds the rotational line broadening and is not present in the otherwise similar star Altair. We note in this context that "suprarotational" line broadening is often encountered in studies of emission lines originating from chromospheres and/or transition regions. For example, 1 Dataset IDs Q1190103000 (β Pic) and P1180701000 (Altair). 4 . O at 1032 Å shows that the profile obtained for β Pic is broader than the one of Altair. As for C at 977 Å we consider this as an effect from the infalling material. Ayres et al. (1997) measured such broadening in their study of moderate-mass giant stars, which, however, are slow rotators compared to the A-stars considered in this paper; their Fig. 9 shows the dependence of the nonthermal broadening on v sin i for four stars, suggesting a correlation between excess broadening and stellar rotation, and the authors then attribute this broadening to a thick transition zone extending to h ∼ R . As far as main-sequence stars of earlier spectral type are concerned, Simon & Landsman (1997) , using HST GHRS data, and Simon et al. (2002) , using FUSE data, describe the emission line profiles of C  λ977, O  λ1032, and Si  λ1206 from τ 3 Eri, α Cep, and Altair as significantly broader than what one would expect from the v sin i values, without, however, giving a quantitative analysis. In their FUSE study of β Pic, Bouret et al. (2002) suggest that the suprarotational broadening can be explained in terms of an extended coronal magnetosphere which traps and heats the gas in the corotating lobes. If the chromospheric and transition region line broadening in τ 3 Eri is indeed comparable to that observed in Altair as suggested by Simon & Landsman (1997) , τ 3 Eri with v sin i = 120 km s −1 would in fact be quite similar to β Pic.
While no disk is known around τ 3 Eri, both Ohanesyan (1997) and Song et al. (2001) argue for the presence of a disk around τ 3 Eri, suggesting τ 3 Eri to be "Vega-like" based on IRAS excesses at at 12 µm and 25 µm (rather than at 60 µm).
A boundary layer?
Are there other origins for the additional line broadening mechanism required to explain the OVI line profile observed in β Pic? Let us recall that material from its circumstellar debris disk is falling onto β Pic with a more or less constant rate. Narrow circumstellar absorption components in the core of the Ca  K line are a well-studied phenomenon: the star shows a seemingly stable central absorption and a variable component which may vanish at times. The variability in the core of the Ca  K line on short timescales is attributed to the above mentioned falling evaporating bodies (FEB's, Ferlet 1987, see Sect. 1). Petterson & Tobin (1999) carried out a long-term study on the spectral variability of β Pic in Ca  H and K between 1994 and 1996 and inferred event rates of 400 per year for high velocity features (HVF's), while low velocity features are seemingly more stable and may even persist for several nights. In our study of high-resolution spectra (R ≈ 217 000)
we have detected nightly variations in the Ca  K line of β Pic (Hempel & Schmitt 2003) . Brandeker et al. (2004) analyzed the spatial structure of the β Pic gas disk in a distance range from the star from 13 AU out to 323 AU and found 88 spatially resolved emission lines in their UVES spectra. From the velocity shift of the NE and SW side observed in the Na D 2 emission they deduced a Keplerian rotation of the outer disk. It is thus clear that the disk around β Pic contains not only debris and dust, but also gas.
Let us therefore hypothesize that β Pic is still an accretion disk now, which it must have been in the very early days of β Pic's existence. Of course, radiation pressure acts -as always -against accretion, however, according to Lagrange et al. (1998, Table 4 ), the radiation pressure would only prevent some ions, but not the bulk of the material from accretion; also, the source of viscosity, which would be required for angular momentum transport, remains unclear.
Let us first consider the accretion rate necessary to account for the observed high-temperature plasma. Modelling the emitting gas as an isothermal, optically thin gas cloud of temperature T , the FUSE and XMM-Newton observations determine the volume emission measure VEM = n 2 e × V. The emitting volume V is assumed to have a height h much smaller than the stellar radius R, so that V = 4πR 2 h f , where f is the unknown filling factor of the accreting material. The hot gas is assumed to predominantly cool through radiation, and the radiative cooling time scale τ rad is given by τ rad = 3kT 2n e P(T ) , where P(T ) denotes the radiative cooling function of the plasma as a whole. As the gas cools, it is accreted and settles onto the star. Assuming explicitly that radiative cooling is the dominant energy loss mechanism, the radial accretion velocity v rad is given by v rad = h τ rad . The overall mass accretion rate then becomesṀ acc = 4πR 2 f ρv rad , where ρ denotes the density of the X-ray emitting layers. Since ρ = µm H n e , we finally obtain 
, i.e., an expression that depends only on measured or (more or less) known quantities. Unfortunately, the emission measure VEM, derived from the UV and X-ray data, depends very sensitively on the adopted temperature, and also, the plasma cooling function P(T ) depends on temperature and on the elemental abundances in the hypothesized accretion stream. In particular the latter may be far from the cosmic abundance and in fact only oxygen is observed. With the above formulae and the observed VEM we can computeṀ acc as a function of temperature (see Fig. 5 ) assuming cosmic abundances (Holweger 2001) , an ideal gas, and a plasma cooling function P(T ) as computed with the CHIANTI package (Dere et al. 1997 ). Since temperatures between 5.8 < log T < 6.0 are the most likely ones, we conclude that accretion rates between 10 −10 −10 −12 M yr −1 would be required to explain the observed emissions via a boundary layer. Assuming reasonable values for β Pic's mass, radius, and luminosity, M = 1.75 M , R = 1.53 R , log(L/L ) = 0.95 (Di Folco et al. 2004) , the resulting accretion luminosities
would then be in the range of 10 31 -10 29 erg/s, i.e., only a fraction of 10 −3 -10 −5 of β Pic's luminosity and therefore very difficult to detect. Holweger et al. (1997) have performed a detailed abundance analysis of β Pic and found it to be consistent with solar abundance; this result would exclude mass accretion rates >10 −13 M yr −1 consisting of material with depleted elemental abundances, while material with solar-like abundances could be accreted at much higher rates. King & Patten (1992) analyzed accretion scenarios in β Pic in the context of the λ Boo phenomenon and estimated 1.5 × 10 −19 ≤Ṁ FEB ≤ 2 × 10 −14 M yr −1 for the accretion due to FEBs and 7.5 × 10 −19 ≤Ṁ CS ≤ 6 × 10 −10 M yr
for an accretion of CS material onto β Pic. Unaffected by the fact that a metal-deficiency of β Pic could not be established in an abundance analysis (Holweger et al. 1997 , see also Gerbaldi et al. 1993 ) and thus the λ Boo nature of β Pic could not be confirmed, the estimated accretion rate is consistent with our values and we therefore conclude that at present there are no strong arguments against an accretion onto β Pic with mass accretion rates in the range 10 −10 −10 −12 M yr −1 . How is the accretion disk material actually accreted onto the star? This may occur by free fall from some inner truncation radius of the disk resulting in velocities of up to 400 km s −1 , which are in fact obtained and observed for FEBs. However, line broadening of 400 km s −1 is certainly larger than what is required to explain the broadening observed in the FUSE spectra. Alternatively, we may assume a Keplerian disk reaching down almost to the stellar surface and releasing its energy in a narrow boundary layer. Assuming reasonable values for β Pic's mass and radius, M = 1.75 M and R = 1.53 R (Di Folco et al. 2004 ), we calculate a Keplerian velocity of v K ≈ 470 km s −1 directly at its surface. On the other hand, since the inclination angle is very close to 90
• , we expect an equatorial rotation velocity v eq ≈ 132 km s −1 (Holweger et al. 1999) . The kinetic energy contained in this velocity difference ∆V = v K − v eq ≈ 340 km s −1 is available for dissipation and the value of ∆V should be a strict upper limit for the additionally occurring line broadening.
The kinetic energy of the incoming material is dissipated in a thin turbulent boundary layer. Applying the turbulent CroccoBusemann relations (White 1991) we find the following relation between boundary layer temperature T and velocity u:
here T photo and T acc denote the temperatures of the photosphere and accretion disk respectively, ∆V the velocity difference between surface and Keplerian velocity and c p the specific heat. In Fig. 6 we plot the temperature vs. velocity for accreting material onto β Pic in a boundary layer. It can be seen that a maximum of about T max ≈ 3.5 × 10 5 K is reached for material accreting with v ≈ 170 km s −1 . A temperature of about 350 000 K, in turn, corresponds to the line formation temperature of the observed emissions of C and O . At face value this is a factor of two lower, but considering the simplicity of the model the hypothesis of accretion of circumstellar material in a boundary layer is at least in principle capable of explaining the presence of C and O  and the weakness of O  without the ad hoc assumption of a chromosphere. For a more sophisticated model, detailed hydrodynamical calculations would be needed. Note that this scenario is also applicable to explain the additional broadening mechanism of the observed C and O  emissions.
Implications for disk models
We compared β Pic's broadened highly ionized resonance lines of C  and O  analyzed by Deleuil et al. (2001) to the same lines of Altair. Our results show that the emission from the C and O lines are significantly broadened compared to the otherwise similar star Altair. Furthermore, we found X-ray emission from β Pic in the O triplet at 21.6 Å. We have shown that our findings are consistent with the existence of either a cool corona or with the accretion of circumstellar material in a boundary layer without the ad hoc assumption of a chromosphere. These results present a challenge for the development of stellar/coronal models but one further point compared to, e.g. the active A7 V star Altair, is important especially for the case of β Pic: the star harbours a well-known circumstellar debris disk with a diameter of approximately 1000 AU. Thus β Pic serves as a prototype: one important result of the IRAS and ISO missions is the detection of many IR-excess stars with CS disks and rings of gas and dust. One vital question still under debate is how to determine the masses of these disks. CS disk masses are an important ingredient in assessing the formation process of planets -either via core-accretion or gravitational instabilities. Therefore it is mandatory to develop models to describe the chemical structure of CS disks. So far, such models have often neglected the existence of chromospheres -even in the case of late-type stars. Nevertheless, it is known that the stellar radiation field drives the chemistry in CS disks and that the solar ultraviolet ionizing flux weakens with time. Thus the influence of the stellar UV field on CS disks is expected to be greater for younger stars. One attempt to include the chromosphere of late-type stars has been made by Kamp & Sammar (2004) , who studied the influence of the chromosphere of a G5 star on the chemistry in the late phases of disk evolution. Their calculations show that in the inner disk ( < ∼ 400 AU) the chromospheric UV emission is the driving mechanism in chemistry and that differences in the H and CO abundances by more than a factor of 10 occur if one neglects the presence of a chromosphere. Given the fact that highly ionized species were detected in the FUSE spectra of β Pic, these processes may also have a pronounced effect on its disk chemistry. Since the calculations by Kamp & Sammar (2004) were carried out for a G star, it would be desirable to extend the disk models to A-type stars. The model by Kamp & Sammar (2004) does not consider an X-ray flux. Although the nature of the detected X-ray emission from β Pic is not fully clear yet it is most likely that the X-ray flux will not be of major importance for the disk chemistry of β Pic. Alexander et al. (2004) studied the effects of X-ray ionization and heating on the stucture of CS disks around low-mass stars. Using parameters of typical T Tauri stars, they find that photoevaporation does not play a significant role in the evolution of CS disks. Given the fact that the X-ray flux from β Pic is very low, we expect that this is also valid for β Pic.
Conclusions
We have detected X-ray emission of the A5 V star β Pic in a 73 ks observation with XMM-Newton. Despite the low number of photons, a thorough statistical analysis makes us confident that the observed excess in the O triplet is actually real with a flux level of 6.0 × 10 −16 erg/cm 2 /s. We discuss the detected X-ray emission in view of (i) the existence of a cool corona and (ii) accretion of circumstellar material in a boundary layer.
The main results of this work can be summarized as follows:
(1) β Pic shows weak emission in the O triplet at 21.6 Å.
We derive an energy flux of 6.0 × 10 −16 erg/cm 2 /s in the O triplet. To our knowledge this is the first detection of X-rays from β Pic.
(2) The O detection is consistent with a cool corona with T ≈ 600 000 K. (3) β Pic exhibits highly ionized species typical of a transition region (Deleuil et al. 2001) . The emission from the C and O lines are significantly broadened compared to the otherwise similar star Altair. 
